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Miyuki Maruno, MD, Hiro Kiyosue, MD, Shuichi Tanoue, MD,
Norio Hongo, MD, and Hiromu Mori, MDABSTRACT
Balloon-occluded retrograde transvenous obliteration (BRTO) is an effective and minimally invasive treatment for isolated
gastric varices (GVs) that is usually performed through a gastrorenal shunt (GRS) or gastrocaval shunt (GCS). However, there
are some cases in which GVs drain mainly into the left pericardiophrenic vein without an accessible GRS or GCS. This brief
report presents four cases of GVs without a GRS/GCS treated by BRTO through the pericardiophrenic vein. BRTO was
successfully performed with the use of ﬂexible balloon catheters without any complications in all four patients, and the GVs were
completely obliterated.
ABBREVIATIONS
BRTO = balloon-occluded retrograde transvenous obliteration, EOI = ethanolamine oleate-iopamidol, EVL = esophageal variceal
ligation, GCS = gastrocaval shunt, GRS = gastrorenal shunt, GV = gastric varixMost isolated gastric varices (GVs) are drained through
a gastrorenal shunt (GRS) and/or a gastrocaval shunt
(GCS) into the inferior vena cava (1,2). Balloon-
occluded retrograde transvenous obliteration (BRTO)
is an effective treatment option for isolated GV ablation,
in which a sclerosing agent is injected through a balloon
catheter introduced into the GRS and/or GCS (1,3,4,5).
However, BRTO is still challenging for some cases of
isolated GVs that do not drain via a GRS or GCS (6,7).
The left pericardiophrenic vein is often identiﬁed as an
accessory drainage route from the isolated GVs, and it
can also work as the main drainage route in 5% of& SIR, 2016. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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BRTO through the pericardiophrenic vein have been
reported (6–9). Here, we present a BRTO technique
through the left pericardiophrenic vein to treat isolated
GVs without a GRS or GCS.MATERIALS AND METHODS
This retrospective study has been approved by our
institutional review board.Patients
BRTO was performed in 42 patients with isolated GVs
from January 2010 to October 2014 at our institution.
Among the 42 patients, ﬁve did not have a GRS or GCS,
and their GVs drained mainly through the left pericar-
diophrenic vein (n = 4) or left internal thoracic vein (n = 1)
into the left brachiocephalic vein. Written informed
consent for the BRTO procedure was obtained from
all patients before they underwent treatment. In this
study, we retrospectively reviewed the four cases of GVs
that drained via the left pericardiophrenic vein. The
Table 1 . Characteristics of the Four Patients and Results of BRTO
Pt. No./Age (y)/Sex Cirrhosis Etiology Child–Pugh Class Additional Technique Amount of 5% EOI (mL) Follow-up (mo)
1/79/M HCV A None 11 21
2/78/M Alcohol C Coil embolization of
collateral drainage
6.3 2
3/58/M Alcohol B None 13.6 24
4/69/M Alcohol A None 16.0 12
Note–Gastric varices were completely obliterated without complications in all cases.
BRTO ¼ balloon-occluded retrograde transvenous obliteration; EOI ¼ ethanolamine oleate-iopamidol; HCV ¼ hepatitis C virus.
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Table 1.
Physical examinations, gastroendoscopy, and lab-
oratory tests were performed in all patients before
BRTO, as was contrast-enhanced computed tomography
(CT) from the lung apex to the ischial tuberosities with
a 32- or 64-slice multidetector CT scanner (Toshiba,
Tokyo, Japan). CT images were obtained 70 seconds
after injection of contrast medium (350 mg/mL) via the
antecubital vein at a rate of 700 mgI/kg/s for the portal
venous phase. Images were acquired with the following
parameters: beam collimation, 32 mm; section thickness,
1 mm; reconstruction interval, 1 mm; table speed per
rotation, 27 mm; pitch, 0.8; rotation time, 0.5 seconds;
120 kVp; and auto milliamperage.
Endoscopic ﬁndings of gastric and esophageal varices
were evaluated according to the General Rules for Study
of Portal Hypertension proposed by the Japanese
Research Society for Portal Hypertension (10). The
varices were classiﬁed accordingly as small and straight
(F1), enlarged and tortuous (F2), or large and coil-shaped
(F3), and any red color sign was noted. CT demonstrated
that the isolated GVs did not drain through the GRS or
GCS but through the left pericardiophrenic vein in all
four cases (Fig a,b). The patient cohort included four men
ranging in age from 58 to 79 years (mean, 71 y). All
patients had liver cirrhosis, which was caused by the
hepatitis C virus (n ¼ 1) or alcohol (n ¼ 3). The patients
had large and growing GVs that were in danger of
rupture at endoscopy. Two patients had F3 GVs and
the other two patients had F2 GVs with positive red color
sign. Coexistence of esophageal varices with a relatively
high risk of rupture (F2 with red color sign and F3) was
seen in two patients (cases 1 and 2). According to the
Child–Pugh classiﬁcation, two cases were classiﬁed as
class A, one as class B, and one as class C. One patient
(case 1) had class A hepatocellular carcinoma per
Barcelona Clinic Liver Cancer staging.BRTO Technique
The left pericardiophrenic vein generally joins into
the distal portion of the left brachiocephalic vein with
a relatively acute angle at the inferior aspect (11).
Therefore, we performed BRTO procedures with the left
antecubital approach in three cases, which allows a moredirect angle of access to the left pericardiophrenic vein. A
right femoral venous approach was used in the other case
to seek other retroperitoneal or subdiaphragmatic colla-
teral routes to the inferior vena cava. All BRTO proce-
dures were performed under local anesthesia.
A 5-F guiding sheath or 6-F guiding catheter with a
hook or an angled shape was introduced into the left
brachiocephalic vein. Next, a microcatheter and 4- or 5-F
ﬂexible catheter system (Fubuki; Asahi, Aichi, Japan) was
coaxially introduced into the pericardiophrenic vein with
a 0.014-inch microwire (Chikai; Asahi, Japan; Fig c).
During selective catheterization, a ﬂuoroscopic view with
lateral or left anterior oblique projection in addition to a
frontal view was often used to conﬁrm the correct
position of the microwire in the left pericardiophrenic
vein because the course of the proximal portion of the left
pericardiophrenic vein can overlap with the internal
thoracic vein on a frontal projection on ﬂuoroscopy.
The courses of the internal thoracic vein running in
the anterior chest wall can be separated from the
pericardiophrenic vein running more deeply in the
mediastinum on a lateral or left anterior oblique view.
A microcatheter was advanced further into the inferior
phrenic vein beyond the cardiophrenic junction and
subsequently into the proper draining vein of the GVs.
Thereafter, the microcatheter was exchanged for a 2.8- or
3.5-F microballoon catheter (balloon diameter, 7–8 mm;
Septa or Attendant; Terumo, Tokyo, Japan). In one case,
a 5-F balloon catheter (balloon diameter, 10 mm) with a
ﬂexible shaft (Cello; Fuji Systems, Tokyo, Japan) and
microcatheter were used because the diameter of the main
drainage route was too large to be occluded with a
microballoon catheter. Balloon-occluded venography of
the draining vein was performed. When the balloon-
occluded venography showed collateral drainage, the
balloon catheter was further advanced distally beyond
the collateral drainage. In one case, the collateral drain-
age was occluded with ﬁve detachable microcoils before
the injection of a sclerosing agent (5% ethanolamine
oleate-iopamidol [EOI] mixture). When balloon-
occluded venography showed sufﬁcient GV opaciﬁcation
and retention (Fig d), 5% EOI was injected in a stepwise
fashion into the varix until the GVs were entirely
opaciﬁed (Fig e). We conﬁrmed that the sclerosing agent
distributed throughout the GVs on CT. The sclerosing
agent dwelled in the varices for 40–50 minutes. The
Figure. Images from a 79-year-old man with liver cirrhosis with large isolated GVs draining via the left pericardiophrenic vein (case 1). Axial
image (a) and coronal maximum-intensity projection image (b) of postcontrast CT show large isolated GVs (white arrows in a and black arrows
in b) that were located at the fundus and had drained through the dilated left inferior phrenic vein (arrowheads) and left pericardiophrenic vein
(white arrows in b). No other main drainage routes such as a GRS or GCS were identiﬁed. The asterisk in b indicates the acute-angled
cardiophrenic junction. (c) BRTO was performed with a left cubital venous approach. Fluoroscopic image during catheterization into the
pericardiophrenic vein shows a 5-F guiding sheath placed into the oriﬁce of the left pericardiophrenic vein (black arrow). A 1.7-F microcatheter
(white arrows)/4-F ﬂexible catheter (arrowhead) system was coaxially introduced into the pericardiophrenic vein by using a 0.014-inch
microwire. (d) Balloon-occluded venography shows sufﬁcient opaciﬁcation and stagnation of the contrast media in the proper draining vein of
the GVs. The arrow indicates a microballoon catheter introduced coaxially through the ﬂexible 4-F catheter (arrowhead). (e) A total of 11 mL of
5% EOI was injected in stepwise fashion via the microballoon catheter. Fluoroscopic image shows sufﬁcient opaciﬁcation of all GVs with 5%
EOI (black arrows). The white arrow indicates the microballoon catheter. (f) Postcontrast CT 1 month after BRTO shows complete obliteration
of the GVs. Note the right pleural effusion that transiently developed after radiofrequency ablation for coexistent hepatocellular carcinoma.
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ing the dwelling time. After stagnation, the sclerosing
agent was aspirated and then the balloon catheter was
deﬂated and withdrawn. All patients were monitored in a
recovery room for 12–18 hours after the BRTO
procedure. In general, they stayed in the general ward
of the hospital for 1 week after the procedures.Follow-up
All patients underwent contrast-enhanced CT 1 week and 1
month after BRTO according to the same imaging proto-
col as the preprocedural CT scan to evaluate the degree of
GV obliteration and complications, including portosplenic
venous thrombosis, pulmonary embolism, and ascites.Follow-up gastroscopy was performed 1 week, 1 month,
and every 6 months after BRTO to evaluate the changes in
GVs and development of esophageal varices.RESULTS
BRTO results in the four patients are summarized in
Table 1. BRTO was successfully performed without pro-
cedural complications in all four patients. Collateral veins
such as the intercostal vein, paraesophageal vein, and
paravertebral vein were identiﬁed on balloon-occluded
venography in all cases. In two cases, the microballoon
catheter could be further advanced to the varices beyond
the collateral vessels. The small collateral veins with slow
Maruno et al ’ JVIR206 ’ BRTO via Pericardiophernic Vein for Isolated Gastric Varicesﬂow were thrombosed immediately after injection of a
small amount (3 mL) of sclerosing agent in another case,
and microcoil embolization of the relatively high-ﬂow
collateral drainages was required for sufﬁcient stagnation
of sclerosing agent in the other case. The total amount of
5% EOI ranged from 6.3 to 16 mL (average, 11.7 mL).
Follow-up CT at 1 week and 1 month after BRTO
showed complete GV obliteration in all four patients
(Fig f). Follow-up gastroscopy was performed 1 week
and 1 month after BRTO and revealed marked shrink-
age of GVs in all patients. In all patients, laboratory
data indicating liver damage, liver function, and renal
damage did not change before versus 1 week after
BRTO (Table 2). Two patients underwent esophageal
variceal ligation (EVL) to prevent rupture of high-risk
esophageal varices within 1 month after BRTO. In one
of the two patients (case 1), esophageal varices were
successfully treated by EVL 2 weeks after BRTO. This
patient underwent radiofrequency ablation for the treat-
ment of coexistent hepatocellular carcinoma 2 weeks
after EVL. A small amount of pleural effusion developed
transiently after ablation, but it disappeared spontane-
ously within the following week. No other complication
was observed, and the patient was discharged 6 weeks
after BRTO. The other patient with high-risk esophageal
varices (case 2; the only case of Child–Pugh class C
disease) underwent EVL twice on day 4 and day 21 after
BRTO. Although his general status and liver function
did not change after BRTO and the ﬁrst EVL, his liver
function rapidly deteriorated after the second EVL, and
hepatic encephalopathy and pleural effusion developed.
He died of liver failure 1 month after the second EVL.
The remaining two patients without esophageal varices
were in clinically stable condition without any compli-
cations, and were discharged 1 week after BRTO.
Follow-up gastroscopy 3 months after BRTO could be
performed in three patients, and showed disappearance
of the GVs. The three patients did not show any clinical
symptoms related to portal hypertension, including
gastrointestinal hemorrhage and ascites, during a mean
of 19 months (range, 12–24 mo) of follow-up. Neither
recurrent GVs nor worsening of esophageal varices was
seen on the latest follow-up gastroscopy in these three
patients at 12 months (case 4), 18 months (case 1), and
24 months (case 3) after BRTO.Table 2 . Liver Function before and after BRTO
Pt. No.
Before BRTO
Albumin (g/dL) Total Bilirubin (mg/dL) PT (%) IN
1 3.15/3.08 0.97/0.81 86/78 1.07
2 2.87/2.41 2.47/1.79 49/54 1.53
3 3.02/3.37 1.29/1.06 67/65 1.19
4 3.60/3.22 0.94/0.91 88/83 1.05
BRTO ¼ balloon-occluded retrograde transvenous obliteration; INR
Liver Disease; PT ¼ prothrombin time.DISCUSSION
Because the main drainage routes from isolated GVs, the
GRS and GCS, are observed in 80%–85% and 10%–15%
of cases, respectively (1,2), BRTO is usually performed
through the GRS or GCS, with a high success rate of
approximately 100% (1,3,4,5). However, isolated GVs can
be associated with other drainage routes, such as the
pericardiophrenic vein, subcostal vein, internal thoracic
vein, and azygos vein; these veins can serve as main
drainage routes from the GVs in some cases (2,11). The
left pericardiophrenic vein draining the superior aspect of
the diaphragm, pleura, and pericardium ascends parallel
to the left cardiac border and often drains into the left
brachiocephalic vein, or rarely into the superior intercos-
tal vein or internal thoracic vein. The diaphragmatic
branches of the left pericardiophrenic vein anastomose
with the supradiaphragmatic portion of the left inferior
phrenic vein. Therefore, it can work as a drainage route of
isolated GVs in approximately 5% of cases (2).
There are few case reports of BRTO through the
pericardiophrenic vein (6–9). Araki et al (6) reported
BRTO in 11 cases of GVs without GRS. Among the 11
cases, two cases of GVs drained mainly into the
pericardiophrenic vein, and they showed a 50% success
rate for BRTO through the pericardiophrenic vein. The
cause of failure was extravasation during catheterization
through the pericardiophrenic vein. Kageyama et al (7)
reported two cases of GVs treated with BRTO through the
pericardiophrenic vein. Although GVs were succe-
ssfully obliterated in both cases, a complication of
hydrothorax developed after BRTO in one case in
which BRTO was performed at the midportion of
the pericardiophrenic vein. The authors emphasized
the importance of navigating the balloon catheter beyond
the diaphragm to avoid an inﬂammatory reaction of the
pleura caused by the sclerosing agent. However, it is often
difﬁcult and dangerous to navigate a conventional balloon
catheter through small and tortuous venous routes,
particularly through an acute angle at the cardiophrenic
junction in which the pericardiophrenic vein anastomoses
with the inferior phrenic vein. Yoshimatsu et al (8) and
Nakazawa et al (9) reported successful BRTO through the
pericardiophrenic vein by using a microballoon catheter.
For successful catheterization, we initially navigated a/1 wk after BRTO
R Creatinine (mg/dL) Child–Pugh Class MELD Score
/1.12 1.12/1.08 A/A 8.16/7.63
/1.43 0.60/0.75 C/C 9.72/9.88
/1.21 0.73/0.79 B/B 6.33/6.53
/1.08 2.40/1.90 A/A 15.12/13.25
¼ International Normalized Ratio; MELD ¼ Model for End-stage
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ﬂexible 4–5-F catheter into the pericardiophrenic vein. A
0.014-inch microwire and microcatheter were gently
introduced to the proper draining vein beyond the diap-
hragm, and we exchanged the microcatheter for a 2.8–3.5-
F ﬂexible microballoon catheter or a 5-F balloon catheter
with a highly ﬂexible shaft. All patients were successfully
treated by using these techniques, without complications.
A catheter/guide wire is often advanced blindly, with-
out an angiographic reference, during BRTO because
balloon-occluded venography often fails to visualize
GVs or the variceal draining vein, particularly in cases
with multiple collateral drainages. Therefore, the precise
evaluation of GV drainage routes with the use of CT
images is another key point for successful BRTO,
particularly in cases without a GRS or GCS.
In conclusion, BRTO via the pericardiophrenic vein can
be safely and successfully performed by using microballoon
or ﬂexible 5-F balloon catheters for the treatment of
isolated GVs draining into the left pericardiophrenic vein.REFERENCES
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